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(57) Abstract 

A cellular telecommunications method for use in a cellular telecommunications netwprk having at- least one cluster of adjoining cells, 
including allocating a respective control channel frequency to each cell for transmitting a control channel Jin a cell, allocating a set of 
frequencies to the cluster for use by the cells, with each cell having a respective subsef of Isaid set, and swbpfring between the frequencies 
of a subset for first traffic channels of a cell (34) and swapping between the se fe of'&i0!^ ^\^^^ ^WsSr foFsecond tr affic channels nf~p 
the ceICG2) . The control channel frequencvjsjal^ ™Z *r 



the traffic channelsljased'C^rtransmiss^ of the call. The quality of servicFprovided by the second channels is greater than 

that of the first channels which again is greater than that of the quality of service provided by the third channels. A cellular network, in 
particular a GSM network, has base stations which are adapted to provide the first, second and third traffic channels by executing intracell 
slow frequency hopping and intercell frequency allocation swapping. 
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A CELLULAR TELECOMMUNICATIONS METHOD AND NETWORK 

This invention relates to a cellular telecommunications method and network, and, 
in particular, a method for dynamically allocating communication channels in a cellular 
network. 



An important factor in considering the performance of a cellular 
telecommunications network relates to the idea of reusing transmission frequencies in 
separated areas or cells. This cellular concept permits a large subscriber capacity within 
a limited allocation of frequency spectrum. For example, only a certain bandwidth 
15 within the radio frequency portion of the electromagnetic spectrum is allocated for 
cellular telecommunications, and each communications carrier requires some fraction of 
the total available bandwidth. Consequently, only a limited number of carriers can 
coexist in a single area due to the limited allocation of bandwidth. 



20 An important consideration in cellular communications systems is co-channel 

interference, which refers to interference between signals from different cells which may 
be transmitting on the same carrier frequency. Co-channel interference -is a functidh of 
the distance between the interfering cells ajd;*the transmission power and" direct idn of 
transmission.from those cells. Clearly, ifgggy ceil in a cellular networfc>vere to^use 

25 all availabie~carrierf frequencies then a large 'amount; of co-channel interference would 
result, particuiarly between signals from adjacent cells. 



In order to alleviate the probfem-jbf co-channel interference, a cellular network 
can be arranged into clusters of adjoining-cells, such that the cells in a particular cluster 
30 each transmit on different carrier frequerici^^ Each cell can be alloca^^-subset of 
carrier ^e^uencies from the total nuwber„ol*yailable frequencies. Hie cells : i& a sialic 
cluster maj^ therefore collectively utilise all of the available frequencies, bflt^incelhe 



.AO 
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adjoining cells within the cluster n cach use different xarrier fr^^epcies they do not 
interfere with each other. Furthermore, taking into account the spatial relationship 
between .adjacent clusters, the allocation of frequencies within a cluster can be arranged 
so that the frequencies in a cell of one cluster which is adjacent to a cell of another 
5 cluster do not interfere. _ ... 

, In, addition to co-channel interference, another factor which influences the 
quality of signal transmission are the prppagal ion conditions for the radio frequency 
signals. In 7 partially propag^ arise therefrom, 

10 such, as multi path fading, are dependent up$n.the t^nsmissiop ; frequcncy ? and vary 
substantially from one carrier frequency to another. r A technique known as. frequency 
hopping can be used to reduce the effects of frequency dependent phenomena, by 
periodically changing thp transmission fr(^uency for a channel in a particular cell. For 
example, if a cell has. an allocatipn of three carrier frequencies, then the transmitting base 

15 station can periodically switch between frequencies during transmission of 3 particular 

f t\. .. per \a' <'^C!.:l£r -01 .^r^^ir.irrt""/ 5'"f--w c :■ • ^ t ■ - 

signal. Therefore, if one of the comers is - subject to poor propagation conditions during 
transmission of the signal then the signal quality for the channel is only affected one 
third of the time on average. In digital cellular communication systems, frequency 
hopping facilitates signal processing and diminishes the error probability after error 
20 correction decoding. It has been found that the signal quality which can be achieved 
increases if more frequencies are available for frequency, hopping. Unfortunately, the 
total number of ^ fi^uenciK available in .a cluster, and therefore in the network as a 
whole, is limited .and the number of frequencies allocated to a given ceil can only be a 
fraction of this amount.. _ - ~ s . t ; 

25 r 

In accordance with the present , . myeintiqn thei;e is provided a cellular 
, telecommunications method for use in a cellular telecommunications network having at 
_ , least, one cluster of adjoining cell?, including: . r , _ x , : , _ •. , : , 

allocating respective control channel frequencies to said cells for transmitting a 

^30 r . control .flannel jin. a.qel|; ^ ^ ^ „ , . ; ^ . t ; 

allocating at least one other different frequency to each cell;,. , 
: vi v% .^appisg ^between the |requc;npies . -allocated tp. said cells, .except the control 
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channel frequencies, for at least one traffic channel. 



Tfie present invention ' also provides a cellular tcleconimuni^tidns network 
having at least one cluster of adjoining ceil^ said cells each' including: 
5 a first transceiver for transmitting a control channel in a respective control 

channel frequency; 

a second transceiver for' [ 'transmitting at least one teffic'channel at a different 
J " frequency allocated "to the cell^and ^ " ' " % ' " ' s 

control means fdr^cbntrdllirig said second transceiver to' swap between the 
l'CT frequencies allocated to said cells/ except the^control channel frequencies* for said at 
least one traffic channel. * i 

The present invention 1&i&er^pxoWdes'a a ceTlular telecommunications method 
having signals for* tnin^issioh^ multiplexed 
'15 channels, said iiiethod including channels utilising a first huml>er of 

transmission "frequencies; and transmitting second channels using a second number of 
transmission frequencies. 

1 - * The present iriv&hlion"^ network 

„ u, ^ c i^ c t of cehs having a set of transmission frequencies; and 

* a base station in eabh cell of Said cluster adapted for transmission of signals on 
first channels within the Cell using a first number of said frequencies arid on second 
channels within the cell using a second number of said frequencies. 
25 . ' - 

k The present 4 in Vehtidri further a cellular telecommunications method for use in 
i "* a cfelluiar telecommunications ketwbfk having at le&Yone cluster of adjoining cells, said 
ceils being allocated different respective' sets of different transmission frequencies, said 
method' including: " 4 ' ■ :p~7 

30 intracell frequency hopping by swapping the allocated 'fr^iiehd^ Withih said 

ceils; and * r " :: ' — ^ - *^ 

" " J inter^ir fi^uenty Swapping s£ti# sfcts of frequencies 



QKionrv^irv «-m/o QKnr»4i 1 i ^ 
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between the cells. .., ,.. .r.,; !r -. ■ 

The present invention also provides a cellylar telecoinmunications network 
including, at .least one cluster haying, adj[oin^g p cells provided by corresponding base 
5. stations, said ceJJs being allocated different respective sets of different transmission 
frequencies and the base stations having control means for controlling intracell 
. ... frequency, topping by. swapping the allocated frequences within said cells, and 
controlling intercell frequency allocation swapping by swapping said sets of frequencies 
between the cells. ; . . , . ( 

Preferred embodiments of the present invention are desQjihed hereinafter, by way 
of example only, with reference to the accompanying drawings, wherein: 

Fieure 1 is a schematic diagram, of a ^Uujar.telejwmmunications network; 

Figure 2 is a schematic. dia^ampf, a cluster of cells of the cellular network; 
15 Figures 3A to 3C are tables showing transmssionjfx^ in a 

conventional cellular network cluster with equal number of frequencies in each cell; 

Fieures 4A to 4C are tables showing transmission frequency allocation in a 
^nventipnal cellular network emplo^in^ a cyclic slow frequency hopping (SFH) 

strategy; . c ^ , , ^ w s^ir... V. v ** ~, yu~, cs.. : „.*. * > • 

20 Figures 5A to 5C are tables 4 shpwing transmission frequency allocation according 

to a preferred embodiment for the case of equal niunbcr of frequencies m each cell and 
cyclic slow frequency hopping; 

Figure 6 is a diagram, of tiaramissions in a GSM digital . cellular network; 
Figure 7 illustrates mapping of logical channels to physical cjianneis in a GSM 
25, network .using neither SFH nor frequency allocation sapping (FAS); . . . 

Figure 8. illustrates mapping of logical .channek to physical channels in a GSM 
... network using t cycl]c Sm but npt ^ _ : . 0 . *>, 

Figure 9 illustrates an jsxample .of jnapping of logical channels to physical 
channels in a network employing cyclic SFH together with cyclic FAS according to a 

.30 .... .preferred embodirpent;, # r . ^ s ^ ^ ^ 

Fi cures IDA and 10B show., two clusters in a GSM network to illustrate the 
, _ . swapping of canie^frejqttencies. betw^^ceUs, ip.ac^prdiance with a frequency allocation 
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swapping scheme; . ( 

Figure 11 is a table of carrier frequency allocations in cell A of the network in 
C Figure lOA using SFH; ; ^ * ? " ' - ^ V. 

Figure 12 is a table'bf carrier 'frequency allocation^ in the network of Figure 10A 
5 utilising frequency allocation swapping amongst cells "in a cluster according to a 
pre ferred embodiment; f - - ; « 

Figure 13 illustrates channel distribution in TDN^\ fiames-for iftree carriers in 
a cell with Various combinations of SFH arid FAS accbrding to another preferred 
embodiment; " J ' 

10 Figure 14 is a table of transmission characteristics for various combinations of 
' ' SFH and FAS; — ,.. S1 . 

figure' lfT is i graph" of G qualiVy of servibe against distance for various 



combinations of SFH and FASf^rid 



Figured 6 is a diagram of SFH liici'FAS for the consecutive frames generated by 
15 three transceivers of a base station/ — ~— • ^ - — — - 



In Figure 1 there 'is shdwn a dfagfammatic repreScW^otf of the geographical 
layout of a cellular telecommunications network ' 2 which comprises : nine ceils 6^ 
organised into three clusters 4 of three cells each. As can be seen frbih the drawing, 
20 each cell iS considered to have a regular hexagonal shape, and tfie three cell clusters 4 
each comprise three adjoining cells in a clbverleaf shape. " 

In the simplest cellular tele'cxDriimurdcatioris network', each cell in the network 
would be provided with' one or Wore carrier fr^uendes Exclusively for use in that cell. 

25 As mentioned above, however^ only a limited bandwidth ib the electromagnetic spectrum 
is allocated by regulatory bodies 'for use in cellular' telecommunications. Therefore, to 
allow for growth, both in terms of geographical afea and the number of cells in a 
network", to cope with increasing communications traffic and to take advantage of the 
limited transmission power of cellular base stations, frequency rcu^e strategies arc often 

30 employed. A frequency reuse strategy involves allocating the skme transmission 
frequencies to a plurality bf ^lis in *^ then 
becomes" the miriimi^iidn of cki^c^^ ihterfereride brought ^ a^^V fey r t^nsmissions 
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from different .cells on. the same frequency mterfering with each other. The simplest 
way- to reduce co-channel interference is, tp,ensure that the distance between cells using 
the same carrier frequencies (the. "reuse d&ance") is as large as possible. With this in 
mind, the idea of reuse clusters jean be applied,, whereu} , a cluster comprises a group of 
5 ...adjoining cells .in , which j^t^ceU^ fa), ti^gro^aj* aUocated the same^ carrier 

. frequenciesb.Thus, :; with a reusej ch^crjopp^njphy^it is assured that the closest cell 
utilising the same carrier frequencies is.af kashas, faraway #s the next cluster. In the 
early development of analogue cellular systems, cells with omnidirectional base station 

;.• antermas> wgrq deployed, typically in re,us_e, clustery, of \2 ? cells.^ , 

1Q ... •> n - y !.- 3 . v.,..t >:•.•= nail..: . ■ :.■ •;• lz. .*>: 

It. has been found, that adye^^progaga^n. cpnditipns can .seriously degrade 

communications quali^, by virtue .. .^^^R^^ e ^v'? s .™^!^. £ ^ ilis ' 711656 
conditions are frequency o>pendent,|and ^j^^J^^^SF?^ t * 5m ^? ttcd on onc 
carrier, frequency bufejiot : another. ^y>ider,^aUewa^^ies^ difficulties a scheme 

15*. .tmWkm&w * fr ^ ucnc y- ho PP?%-'i^ l s , * e i V^f^k transmission 

? , : systems^ In a, slow frequency hoppmg scheme,, a particular channel is not assigned to 
a^jngle.-cainejf : .«requeiicy, .but T rather $he <|hapel i^ tran^itted usmg a plurality of 
. differenKcarrier frequencies in sequence. f In,tlus way, frequency^ dependent effects can 
• tee.averaged out : pver a number of djgerent. earners sueh^ ^particular channels are not 
20 .more seriously .affected, than jQthers, .; x ?7i • , : ; - , •-•„■-:'• 

Referring to thc ; _net>vprk 2 shown 3 in ; Figu/e .1, ? and_ the three cell cluster 
represented in Figure 2, the above described known cellular transmission techniques can 
be explained by way , of- example. Consider tiiat the rjetwork 2 y has available nine 
25 ^different carrier frequencies, f,-to f,. .Jfe the simplest cas^eacfe of the nine cells, 1-1 to 
f 3-3ish©wn} in Figure 1-would be allocated .only- Qne of the. available carrier frequencies 
i. : f v 'to v f,^ *n? is scbeme, would result .in po cp-chanwVnxterfercnc« since each frequency 
isni$ed. only once inJhe.network r but certan^ qells may. experience detrimental multipath 
- r. : ,f- fading' cither frequency dependent t efiects^ whilst p%r cells may not. .The network 
r-3G< 2 isicfocided into, clusters 4 of cells t 6, resulting in, three clu^ters.pf three ce#s each. The 
i r duster 4-shown/in Figure^ mustra^ { pne..^v^.^whic^ Aej^vjailabl&AB^iencies f, to 
■i:,K?zi&&B&& be:.aUoca^.invlhe -cluae/^.witij each t ceU aUocated tiuee separate carrier 
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frequent ^ ch 
frequency would then be usai I by 6ne cell in' each cluster, with flie frequency allocations 
within the clusteis being ai^nged so that the cells of neighbouring clusters using the 
same frequencies are aS spatially distant ^'possible: ^Fijgures 3Aj 3& ahd 3C are tables 
5 " of allocation of canW^ 

1 to 3* in figure 2: As 1 ckti t&T 5 seen; ^ch ' channel is allocated a- single transmission 
" ~ frequency for ^ :^^a^^^ : 

However, as' menYibnecl' ablove in v a frequency ^l&atfon 1 ^^^ as this, 

10 undesirable transmission effects may occur to one channel but not others, which effects 
can &e' averaged r 6ufdV^ digital cellular 

^ ! tommuni^ frequency hopping. Tables 

4A C , 4B Mcf^C shdW a^^ hoppirig : cbuid be implemented in 

5 n the cluster of Figure' 2 9 Wtferem^eateh channel is transmitted oh each rsof the carrier 
15 fr^uencies available irf tti&t c^lf; iiiV^uential inannesv For ex^mpleV channel iiin cell 
^1 of the duster ^ f» tJut hops to frequency f 2 and 

^suhfeequentfy frequency f 3 during the course of t^^issioif/^The* hopping of the 
"freqiieiicies may be carried but n cyclically, as shown' in Tables 4 A to 4Q or may be 
^random.' ft will be riotfed that bf the three channels shown in each -cell, at any one time 
20 (column) no two channels are transmitting on the same frequency^ Of course this does 
not take into account time division multiplexing which may be implemented to transmit 
several channels on a single frequency as will be understood l?y those skilled in the art. 

" "It has' tfeeh found that the advantages gained by swapping carrier frequencies 
25* during transmission thereof are greater if niore frequencies aroused for each channel. 
" In other words/ if each ''celfb^"u r aliocatibii'''of six carrier frequencies,' the average 
signal quality obtained 6ver all of the chaiifiels iri thaf cellis greater than, if only three 
carrier frequencies are tised; as in the above example:* Accordingly, -implementations of 
the present invention* enable 1 more frequencies io be used in each cell? without decreasing 
30 "the reuse distance which is important for containment of cc^hafih&t>inteHei*rice. In 
brieCthe frequency ^ intercell frequency 

swapping aS well as; or In pb?6e of; 'intra cell frequency swapping. Thus*.fr?3quencies can 
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be-swapped between ; cclls within a .cluster in addition to betw?ei^ channels within a cell. 
In this way each channel may in feet bp transmitted, in sequential portions, using all of 
r_, the available network carrier frequencies, .rather than only a fraction of them depending 
oa the frequency reuse cluster size. . ;t , * ■ 

. j i.. - .Tables 5 A, $B ^nd SCshow an example of how frequency allocation swapping 
-tcan .be achieved, based on. the example network described previously, As can be seen 
<\ : ; wi *b rcference to Table 5A, qell.l pfihe cluster undqr cQnsj^r^tion is initially allocated 
frequencies f„ f 2 and f 3 , as in the examples shqwn in, Tables 3A and 4A. , Furthermore, 
10 as in Table 4 A, the channels are swapped between the three frequencies during the 
, course of a cyclic slow frequency hppp^g v peHC^l : However, at the end of the SFH 
*~ peiiqcMhe freguency allocation of jtpjplj t,is ( js^ap^edt ( ^th pother of the cells in the 
cluster., In this case frequencies f 5 ; ap4, 4, ar£ swaprad .from cell ,2 to cell 1, 
^ frequencies -fy, if 8 and f$ are allocate^, tp ^ f lt f 2 and f 3 are 

( v ,15i swapped from cell LAp cell 3. . At X^e cnd r of the next £FH ppriod the frequency 
: , allocations are ag^n, swapped. It c^ .bc noticed that the interference conditions do not 
, change in the course of fpquen^y swapping. With frequency allocations swapping with 
each SFH period, as ; in this ^xample^ the. FAS M cyclic period (number of SFH periods) 
of the. frequency allocation swapping scheme corresponds to the number of cells in the 
20 cluster. It will be appreciated, however, that the frequency allocation swapping as 
. -. between cells within a cluster, is quite separate from , the slow frequency hopping within 
: , a cell, and therefore there is, no requirement for frequency allocation swapping to be 

linked to the cyclic frequency hopping period. Indeed it is possible to implement the 
present invention without the provision of intracell frequency swapping as well as vice 
y - 25 r versa as shown in Table§. 4A to v 4C v _ It will also be appreciated that the frequency 
allocation swapping method can b^, used m conjunction with other techniques used in 
cellular networks such as time division multiplexing of channels on a single carrier, or 
t ?' sectored; cells utilising s directional antennas, to reduce co-channel interference for 

different number of~allpcated cell, frequencies and different number of frequencies 

30 .^swapped in onetime. ..... .., . „„. — . , ^ , 

i i t^'sr-^-PH^ sd 1 -^r ytpy; in which digital cellular radio cpmmuni implemented is 
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" according id the~grdupe speciate mobile (GSM) specification. Referring to Figure 6, 
communication between a baser station (BS) 10 and a mobile station (MS) 12 of the 
GSM system involves the transmission of time division multiple" access (TDMA) frames 
14 which are each divided into eight 577 \xs tiroeslofs 16 r whicii are referred to as 
5 physical channels. The TDMA frames are transmitted on a carrier, the frequency of 
which is dependant upon ttie "frfeque^d^ cell in which 

"* transmission takes' placed asSvell as wfiether a "'frequency -Hopping 'scheme is used 
between frequencies within the cell and whether frequency allocation swapping is used 
amongst cfells'withih' 4 cluster^ ^ - * - ^ : . r;: 

Logical chaMelsl^efer^d^cfi^mels 'df communication' oh a point-to-point basis, 
" i.e. from the base station' l6> Yo^one mobile station 12, siich as traffic channels (TCH), 
or on a 4 point-to-^ulHptoint basis; i.e. from the base station 10 to several mobile stations 
' 12, such asVbroadc^t { conir6l^ Logical channels are multiplexed on 

the 'earners in a : cell* by mappiftg^thenii onto the physicd cliihriels of the TDMA frames. 
" FurtheCthe slow frequettcjPh^p^^ thoughfof 
" as a rtfappiiig of TD^l frame structures ontolhe RF carriers for the cell, whereas the 
frequency allocation swapping scheme of the invention can represent a mappingrof 
^ carriers for each ceil t>ifto the various frequencies available within the cluster, 

K : 1 fjic GSM specification aridf the configuration and opt ration of GSM base stations 
~ 10 and mobile statiotis 12 is further described in the applicant's co-pending International 
Patent Application 'Nd. PCT/AU94/005&V which" is herein incorporated by reference. 
The method of the preferred embodiment is executed by base stations 10 of the cells 
which have their controlling hardware and/or software adjusted to facilitate cyclic FAS 
arid cyclic SFH as descrihted hereinafter. * v ^ > ' - - 

Figure 7 is a dilagrdmmatic illustration of data for transmission m a cell having 
four caiirriers i&L^18b, 18c and 18d allocated frequencies f„ f£ f 3 and £4, respectively, 
and which employs neither frequency hopping nor frequency allocation swapping. The 
mapping of three logical channels (channel 1, channel 2 and channel 3) onto the 
; ' : phys!eai't£^ of the franies 14-f6r the carriers in the 
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cell is ilhjstrated by ; the shading of timeslots. For example,^ <±£uinel 1 is allocated 
timeslot number T 2 on carrier 18a which transmits on frequency J v As can be seen in 
Figure 7, each, timeslot number T 2 in , the TDMA frames transmitted on carrier 18a 
carries data from logical channel 1.. Similarly, logical channels 2 and 3 are allocated 
5 timeslots on carriers 18b and 18c (carrier frequencies f 2 and. f ? respectively) although 
they could as easily be allocated to physical channels corresponding to other timeslots 
, ; on the carrier 18a to take advantage o£:the time division multiplexing of the TDMA 
. frajnes., . ; ^ - . ' \:'r.£\. , - n< v v... •: 

.'.■"*■ ^- - •* ~ :> , \v • . - ■ ■ *\-~\i.;:~:-'"z o'-i v^i -;\;Z : . 

10 . Figure. 8 is, a, diagrammatic illustration. of data for transmission in .a cell which 

employs slovv .frequency, hopping oyer^qirxiei jfre^quenciQS^f,,. f 2 and i$. ( The frequency 

hopping is cyclic, with a,cy<jle period, of 4hrgf: T]DMA frames. It can be seen, therefore, 

that in .the first . TDM^frame logical channe^l is^ transmitted on frequency f u in the 

second TDMA frame usipg^ can 7 c ^ .frequcne^^ and in thq third TDMA frame on 

15 frequency f 3 . In the fourth TDMA frame, logical channel 1 is again transmitted on the 

carrier utilising frequency f x . 

Figure 9 shows one way. of representing .a cellular communications system in 
- „ which , txjth cyclic ^slow frequency ^ hopping and r £rpqiieiicy r allocation swapping is 
20 employed, by ; mapping logical channels onto, physical channels. The cyclic period for 
the SFH is .three TDMA frames, whilst the cyclic period for the FAS, scheme is three 
» SFH cycle jperiods^ or nine TDMA frames. ^ 

: . Certain restrictions are imposed on carrier frequency allocations by GSM 
25 protocols. For example, in each ceU ij>GSM there is one reserved carrier frequency in 
.. each r .cell, which is defined as. t£e broadcast chaimeLfrequency_(BCHF) and is the 
frequency on->vhich,the ; B£CH ,.!&te.^...txan^it^ 7 JGty n th& r -&m T 0 is 

always used for the BCCH, and slow frequency hopping for this time slot is not 
, . perpi£ed. : The reason, for this is that the njohile stations monitor the broadcast channels 
30 , in surrounding cells a^d.BCGH channel must -be easily found- Also,. a basetranspeiver 
.. ;5t^io^,must traosput^biirst in eyerx-tm^ot of every time frame in the, downlink on 
* , jB£HF~.Jo^lQw. mobiles to m^e power measurements, pf . the, radio. frequency 
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' chahricts supporting the BCCH. th order to achieve this requirement a dummy burst is 
tranSftirtdd in' all time slots for \vhich hb other channel requires a buret to' be transmitted 
oh the BCHF. Therefore ttie'GSNfc the broadcast channel frequency should be excluded 
" from thb frequency allocation Swapping and the time 'slot T 0 on this carrier should be 
5 'excluded from the Slow frequency liopiping. 1 - 0 ^ 1 * ' - 

As mentioned previously, it is not ^necessiry fof sfow frequency hopping 
scheme to employ all of the carrier frequencies available in a cell/ Also, it is not 
necessary for frequency allocation swapping to employ all of the frequencies available 
10 in a cluster, nor is it nedes^s^'ihat'^h frequences which are available for swapping 
within a cluster be swapped Sfefween^ctlls at one tim<e : . " ,l Thus; for 1 eyelid SFH and cyclic 
J FAS the cyclic periods ii&d Bo? be°tiied to ^ Accordingly, by various 

obmbiriatidns of ! SFH and FASFiris jpbissible to arrMgc 4 averaf different typeslof 
" physical channels ' Wherein- ceitaii^t^ of frequencies to 

T 15 ' others; 1 : ' :y " : " - ? - ^ : ^ : < ^> - A • ~ - ~ ~ 

Figure 10A represents two three-cell clusters in a GSM network, one cluster 
comprising cells A, B and G and the other clii^er comprising cells A', B' and C. The 
* broadcast' chknntt ^equency for ^lis A atod A + is frequency for cells B and B' the 
20 BCHF is f 3 arid for ceils lE and C the BCHF is Therefore; in order to comply with 
the GSM teqtiirement for a broadcast channel in tftnesiot T 0 in each TD^fA frame, the 
broadcast channel frequency must be available for use of the first timeslot of every 
frame. The remaining available frequencies may be swapped at will between carriers 
within a cell and! between cells withm a cluster, arid indeed the BCHF can be swapped 
25 as well so long as it is available aVf 0 tot each T^MA frame. This' means that the 
£i various ph^sical^channels corresponding to'different timeslots on thecarriers in a cell 
may 'have different frequency hopping and frequency allocation swapping characteristics. 

The arroWs tetweexTceils A, B and C in Figure lOA show' one ^vay in which 
'30 - frequencies-dan beWappbtfimthih't&e'clu^er^ne BCHFs fVand^remain allocated 
:i 7 irr their respective^cells Whilst ireqifency f ■ is ^vapped : from 1 cell A4o cell C^frequency 
f?'p&& l -from''Ccft r C- to ;C cefl H, 'aifoi ^S'l^uency •^4s / wfipp^<l -froni^a B ; *to cell A. 



WO 96/07284 



PCT/AU9S/00561 



. - 12 - 

Figure 10B shows the next round of frequency swapping where the frequencies f 2 , f 8 and 
fs^are swapped amongst the cells A, C.and^B.. = , b 

. The tabic shown in Figure ll .sets.fQrth a scheme for slow frequency hopping 
: ,5 in cell Aof the GSM^ejtwork shown in Figure 10A, wherein frequency, & is the BCHF 
* ..j s^nd frequencies f,.and f 2 are the other^twej frequencies available for carriers.in the cell. 

, At timesjot T? 0 irLe^ch TDMA frame oqly , frequencies f, and .f 2 are available for slow 
r> o J .#fflW«cy-«hopi>ipg for traffic channels since ^ is required ft^r |hp broadcast control 
. cr chaju^., However ^for timeslots Jfi to T, all- three ^requejicies ^f^^and U.can be used 
• •10;,, for SFH of .traffic channels ^ 0 acWLpve. performance.., Jn other f ^vords traffic 
: channels which joccypy^tin^ slots fcQm X x tf> £?xan haveJSIfH oyer thjee carriers, while 
.. traffic xhanqels whjph £QCH£y time : «l^t:T^c^]iaiye SFH pyerjhetvyo carriers f, and 
f 2 only, the BCHF frequency fq bei^g t^d.^o transit ..^GCH^date^te ^Us^B and C the 

r 15., ~ ..^ j : r ,: n< j: ^ .v ^ ^$xz 1 *.s^xb ;\> v".-, ^.^ z , „ -v::;? 

, Considering nQ^ 

. of Figure 10A, the taijbie s&qwn in _Figui;e„12 s#s fojth on? way f jx? wWch frequencies can 
be allocated amongst the cells in a cluster oyer the course, of eight TPMA frames. In 
this network time slots from T 0 to T 7 can be allocated frequencies f„ f 2 , f 4 , f 3 , f 7 and f 8 
,20^ and time slots from T s JoT 7 can, also be allocated frequencies f^and f* for traffic 
■ >. channels. t ; . . ; ., r ^ . ^ - ^ : . .. 

- ■ . Three Jeinds of traffic channels.can be organised: ■ - , , : < , 

* Channels without SFH ; >< 
25 > ^ * . t Chanijeis with SI^H. over carrier frequencies including, the, broadcast 

. , /: : frequency,, ; ^ • : ^ : _ ^, - . ; . t " - v 

• t . , , . t * t . Channels with , SFH oyer carrier, frequencies excepting the broadcast 
; - f % : _y frequency ^ , ^ r : _ Vc .. . . , , . t . - 

* H%JTxc t actual number of different channels of each kind may vary. 



30 



7 rVj ^.AD^^xample of channel distribution in a cell v^ith. thjee carriers 18a, 1§J> and 18c 
i^hpwn in.Figurc 13.. The, broa^cfSt chMmei fte^uc^ i§ f©, and, in timeslots T 0 to T 4 



WO 96/07284 



PCT/AU95/0C861 



- 13 - 

the other ~tWo darners 18b and 18c s^vap from f x and' f 2 to fj f 5 , f 7 and f, in consecutive 
order, as in Table 12* Time slot Tq afthe frequency % is used for the broadcast channel. 
Because every TDMA frame consists of eight time slots, 23 traffic channels can be 
'organised in the cell with tKrcc barrier frequefieies. Four out of seven traffic channels, 
5 which 6bcuf>y time slits to T 4 at carrier f£ arc arranged without'firequency hopping. 
The remaining 10 "fraffie chitnn^ls ^Hich' occupy tiine slots from T 0 to T^of the other 
two carriers, banriot use auricr J freq^ will hop 

bVer six frequencies: ' i{, t*," i'sY V tad" %*: The final nine traffic channels, which 
ocxnj^'y 4 time sltfts' fidti? T 5 ^ to Tf at^all frequerifcifes, can h6p over seven 1 from nine 
) frequencies allocated in the cluSieir including f^,* the r remaining' two frequencies being 
t? ' constrained for the "BCCH drthe other two cells in' the clusten i ? ?or the transceiver for 
\he earner operatihg at frbqu will lie present' iireVery time frame for 

4 time slots" To td*T 4 Y^ and T 7 that eerier can u£e the -other two 

available frequencies in the cell in the second and third time frames. Yet at every third 

> time frame, the carrier frequency of timeslots T 5 to T 7 will return to which restricts 
" the a po^5ibiiitids of SFHr This ddfcs not proVicfe ihtfch difference from cyclic SFH over 

three carriers and as i result these nine'txaffic channels dan be treated as unaffected with 
~th€ frequency allocation ^dppihg. - - ? v.v- ^ 

> " Tigurfe 16 shows frafthes^O, 52 and 54~geflerated by the three carriers 18a,- 18b 

and 18c, respectively, at four different time instants, t lf t 3 and t 4 . TLe first portions 
56 of the frames 50 to 54 represent time slots T 0 to T 4 and the carrier frequencies 
allocated thereto, and the" second portions 58 bf the frames 50 to 54 represent the time 
slots T 5 to T 7 and the frequencies allocated* thereto. The time slots T 0 to T 4 of the first 
' carrier 18a" are always transmitted at tfie broadcast channel frequency Tunc slots T 0 
to T 4 of the second and third carriers 18b and 18c cycle through the six available 
frequencies of a cluster, excluding the broadcast channel frequencies/ Time slots T 5 to 
T 7 , on the other hand, also use the broadcast channel frequency of a cell, f& and when 
one earner is using f£ the other two carriers respectively use %e other two carrier 
frequencies available in the cell at that time. To fully cycle fo amongst the three 
carriers, tht swapping mtthod fe sucfi *that fo?6ne carrier, tiine : siots T 5 to T 7 will use 
J fo bvery third frame, theref oic: id&d¥gh ? tiie time slots % to-^m'y^^us^ seven 
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.. frequencies in the cluster, effectively., the .benefit .gained .is. %e r ^me as that gained by 
performing SFH over three frequencies because the broadcast channel frequency f<> is 
used every third time frame., .... :i , 

5, • . . As represented m .F^ 

. . . . i. r d^m»e^30ybich;iemm_al.o^ carrier frequency (me.BCHF), of which 

, v- ■ , - • -j . ^there are^shown fQur traffic^charmels .as well as the BCCII; 
, ., r . . 2. ,. channels; 32, + whjeh^ swap., .over, fr^c^cies ..witiun the cluster 
t- . . j o. <excluding,.the. B^Fs 0 fot ; t|je ^usgtf... Pf which there, are shown ten 

lft - d :?r. teffic-channels^and , ^ , :£ . ... ;i; .., , . : , y : r _ . q; 

3. ...... d^els.3^whi^swap. oycr^hrec fi^5A^..with^)^ie cell (including 

s , v the BCHF4oj that <$%.oJ.,whicjLfhe£e arc $hpwn c nine traffic channels. 

iiv I., i ji.. •'" t: ~-. .:' v.-. ' c-0 s r:£;:do iV.;«i Oi i". . - ' '.'-i 

. . T^c; sete ,of cham^ 
; 15 j . and wijh, FAS is^shpwnin. the r tahj^ of .Figure .14. To comnare jthe quality of these 
channejsy-the^qujred .Ec/No-.yaJues io? equal performance <6%,h frame, erasure rate 
,-. , .. (FEg) at^ a c MS .velocity pity ? 5 km/h), ity these channels^ 5 are. ajsp ^eluded. The 
..• quantity Ec/No relates to the ratio, of the energy .of -an incoming signal, to the power 
spectraj^iisity ^ and.isj>referre4 : ^ d?g>|^ r^djp applications to 

20 t - ; a signal-to-^oise ratio (SNR) measurement, .since E^o values^ independent of the 
receiver characteristics. It can be seen that by mcjuding. frequency aUocation swapping 
greater versatility is possible as compared with permanent channels allocation. Instead 
■ -of- a t grpup of identical channels, PAS provides, the net^ptk, with a set of channels with 
different demands, of the signal^tp-jiojse ratio (or the actuaj reference sensitivity level) 
25 -/tot equal quality of service, because the^ mobile stations are distributed over the cell 
-at:different ; distances from, the. base stationed the. propagation conditions for mobiles 
: t are .highly different too; by prqyidmg^number o| channels with different cjiaracteristics 
w . u £ i& possiblc c to assign a MS tp-an.appnyria^ with lower 

. *~ reo^rejd,-Ec/Np values to those A^.ftat^sjtuated-in worse conditions* 

30 0> 
: .wjaccr zo\ :Also, ; me existence of a set of channels with different features creates some new 
-j j£itB^0S5ibUities. in the inttacell handover,' wjth -adaptive.^ on 
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the cfian^c of traffic, MS positioning/ propagation Conditions, etb. For this purpose it 
^ is also important that the cJiatiiiels distribution is nof established permanently but can 
be changed dynamically, at every time frame/ ^ : . 

5 The graph *bf Figure 15 Shows a comparison Between the quality of service 

available at various distances ^ frbm the"" base statiorr'bf a'cell in ;he cases of no slow 
frequency hopping and ho'fre^ufenby alibcation swapping-- 5FH without FAS, and with 
both 5FH arid' FAS. fhfe minimuih Quality blf service (QbS) for communications within 
the cell is also indiCat&ir In oWef to^prbvide 'the best possible quality of service for all 
10 mobile stations in the cell at any one tiifierthe a pfiysica[I channel for each MS can be 
allocated dyniteic^ QfeTQbS required? r For example, referring to Figure 

15, a MS which is within *a dlistancb 'di' 6i the- BS can Be allocated a channel without 
SFH and without FAS and still obtain a QoS greater than the required minimum. One 
of tuneslots 30 without SFH, t£5^ : io^ ; oY ; earrier ^shbwn iu Figure 13, is appropriate 
15 xl fbr stich^ MS, although j any J 6f &e- other' timeslbte 32 and 34*cbuld : alscTbe used since 
they all provide a Setter doS. 'A^obile ? statiouNaf a T distance between ^d, and dj will 
ifcqui'r^at least one'bf tirneslbts 34; using SFH^ver three fx^quehcies, for a minimum 
< " •* " <jbi^aUhougV6ne : of timeSlbts?32 coutf Mobile 
stations further ihs&i' a^dfetance oV firSnj-'fec- BS will generally 'require the best quality 
20 channel 'available, i.e? one of thhlsiots 32 using SFH arid ' FAS-to* hop over six 
" ' firequencfes/m order to achieve' file mmiinum QoS/ c J 



" ^ ' If wiii be appreciated that the quality of transmissions on a particular channel 
will depend hot only upon the distance of %e mobile station from the base station, but 
25 also ~ upon propagation losses : of anbtlier natitfe/ r such as shadowing -by buildings, 
^ diffo&idn of carriers, etc. This faeans tfiat the ObS (as indicated by the SNR or Ec/No) 
fiiay be low even for airmobile Nation 4 which- is qttitS close tb the base station. 
Therefore, tfie'QoS^fcan'ofty^ as a pure function of the distance from the 

base station (Figure * 15) in ther case of radio wave propagation over* free- space, 

30 

frviewbf^ 

^ with a particular * mobile statiorf' kfe ^S^^ on ^sdme : measurelncm r ibf ^gn^ quality 
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characteristics between thq mobile station and base station, rathfr than a measurement 
of the separation distance itself; Ac^rdi?igjo GSM .Recommendation Q5.08 (Radio 
Subr-System Link .Control) the base, s^icm v ip.e^uresi every 480 msec a transmission 
parameter called "Received Signal Quality! (RXQUAL) which is expressed in terms of 

5 f bit error rate (BER). . Therefore, in- implementing, a system for channel allocation 
acQOrding.to the present invention it is t preferred,to utilise 4he RXQUAL quantity in a 
threshold comparison to determine which class of channel should be allocated. If the 
BER of RXQUAL is higher than a given threshold then the mobile station should be 
allocated a channel with a lower required SNR value. Conversely, if the measured BER 

10 is lower than a given threshold then a channel with a higher required SNR is acceptable. 

In general, the number of channels of every class will depend on the number of 
carrier frequencies in a cluster (N). If the number of traffic channels utilising only one 
frequency in a cell is "n", then it can be shown that: 
15 the number of channels with SFH over all carriers available for swapping in the 

cluster is 

(N - l)*(n + 1), 

the number of channels with SFH over frequencies allocated in the cell is 

(7 - n)*N, 

and the total amount of traffic channels in the ceil is equal to 8N - 1. 

20 It is considered reasonable to have n <= 7. Changing "n", it is possible to obtain 

the desired number of channels with better quality than in a network without frequency 
swapping. 

It will be appreciated by those skilled in the art that, in GSM, signals transmitted 
25 from a base station to a mobile station (downlink) utilise a different frequency band than 
signals transmitted from a mobile station to a base station (uplink). Frequencies in each 
block are paired to form duplex carriers. It is envisaged that generally a system for 
swapping frequencies using SFH and/or FAS would involve both carriers in the duplex 
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to ahnply ^wittf GSM protocols*"/' however, it will - be" recognised that the above 
•cohi&um^tidns- metHbd is applicable al^b -to the ' case^-whs^ the duplex carriers 
~ frequencies are swapped independently and/or individually- and Shat'one of the uplink 
• or dbwnlirik can employ SFH and/or FAS whilst the other does not. -Furthermore 
5^ ^although theabove dcsOTptldn hks concentrated primarily on cyclic swapping, SFH and 
F^S can also be implemented ih'a random manner as for random SFH. - : 



" *■ V I- -v. 
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. CLAIMS:. ^. , _ ,,- • [■ •-. y.r: <•„ 

l n A cellular telecommunications method for use in a cellular, telecommunications 
network having at least one cluster of adjoining cells, including:, ( £ 

.... allocating respective. control channel frequencies tp. said cells for transmitting a 

control channel in a cell; n . r • 

v ...... allocating at least one. ojher different ^equency to each cell; 

swapping between the frequencies, allocated to said cells,, except the control 
<t channel frequencjes, for^t least one traffic. channel. ... r r . 

2. A cellular telecommunications method as claimed. in cjaini ^ _inpluding swapping 
between the frequencies allocated to a cell for at least one other traffic channel. 

r .,3.. A cellulaMeteco^mun^ 
15 the control, channel ^frequency ,to^t Jeast ; ^^rther4i?ffic channel in. a cell. 

.4.. r A cellular telecominunications, method as^ xlamed^ , in. claim 3, selectively 
....^ccating a c^ in erne of said, cells to SMd,at t least qne^traffjcc^apncl^said at least one 
other traffic channel or sajd.at h^f pne further, : traffic channel pn the basis of 
20 transmission characteristics of said call. 0. 

... 5. - ..A cellular telecommunications method ; as claimed. in. claim 4, .wherein said 
-transmission- characteristics include the bit .error rate, for. said call. - 

f U:. ■ ■■ vj ■ y - colv.' - - - ' . '' ■■■■ 

25 6. A cellular telecommunications method as claimed in claim 4, wherein said 
„ . transmission characteristics include..th& distance of, a.jnobile. station for said call from 
a base station of .said network. ... >,< „ c b. ...t. .•:•.«• . - ,J. ..; ■'• 

..... .7.. - - A method acclaimed in claim \, wherein .said swapping is synchronised between 

30 : said^lls rr.. ... 

.■«. : ''■ c: r- ;: ' -.J *. 

8. A method as claimed in claim 1, wherein said channels are TDMA channels. 
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9. A method as claimed in claim 1, wherein said network is a GSfM network. 

10. A cellular telecommunications network having at least one cluster of adjoining 
cells, said* ceils' each including: - v - - ; - £ * — v Vv v - < r: 

5 a first transceiver for ttaiumiitting a control chanfief in a respective' control 



channel frequency; 



a second transceiver foHransmifting at least T>nW traffic channel at a different 
" frequency 'allocated to iht &11; and v - : v 

control means for (trolling said 'se£oiid : transceiver "to swiap between the 
10 frequencies allocated to said cells, except the control channel frequencies, for said at 
-leatst bite "traffic' cliaiiKei: : " ^d:w: .i r y m t mZ .*'# . ... - . . 

; * ' - - * or^ t-^i ;; o) ^ T ; ; ' viz \ : 

11- A cellular telecommunications network as claimed in claim 10, wherein said 
•'control means is adapted to cbnfrol the fifst Or second transceiver to swap between the 
15 frequfehcies r yiocafed to the dell fbfaY lc^t brie other traffic channel. :jJ J ; ^ 



12: A cellular' telecommunications nctwbriras claimed in claim 11, wherein said 
1 cbhtrofm T eians Is adapted to control said first' transceiver to ^1151^ at least one further 
traffic channel at'the control chame^fr^uency c m a ceil/' i: ' '--- v ' : ' 

20 I:- . : . • ••• ,-»•„»;. • 

13. A cellular telecommunications network as claimed in claim 12, wherein said 
control means selectively allocates a call in one of said cells to said at least one traffic 
channel, said at least one other traffic channel or said at least one further traffic channel 
on the basis of transmission characteristics of said call. 

25'-- ' " r '" * ' ' c cc ••! -x - > 

14. ' A cellular telecommunications Wiwork as clainied in claim 13, wherein said 
transmission characteristics include the bit error rate foresaid call; r; ' ■ 



"" 15. A cellular telecommunications network as claimed m^cTaitii 13, Wherein said 
30 transmission characteristics include the- distance' of a mobiIe : statibir 'for l ssB call from 
a base station of said network. 



WO 96/07284 



FCT/AIJ95/00561 



-20 - 

,16.. . A network as claimed in claim 10, wherein said swapping is synchronised 
between said cells to prevent cp-channel^iptcrference. 

. , 17. . A network as claimed .in claim 10, wherein said channels ; are TDMA channels. 

18. A network as claimed in claim 10, wherein said network is a GSM network. 

( . ;/ . 19 - A.ccUul^t^le^ for-tjansmissiqn within a 

cell organised in time division multiplexed channels, said method including transmitting 
10 first channels utilising a first number of transmission frequencies, and transmitting 
, _ ; second qhaijnej^using a second number : of transmission frequencies. 

20. A cellular telecommunications method as claimed in claim 19, including selecting 
^ ; r 1 ^ 0 *** 5 ^: * % r *-?^^^^Pfe a B? 1, l 1 ^:??F? tK W«n|i?MOit of signals between a base station of said 

15 cell and a mobile station within said cell on the basis of transmission characteristics for 
. ,said signals,, between the < l?as^ 4: .station;and the* mobile, station;- - . 

21. A cellular tcleeommunicatio|is mptbpd as clampd in.claim^O^ wherein said first 
channels are |ransm;tted using an, allpcajted broadcast channel ^jequpupy for the cell. 

22. , A . cejlujar t^l^mimunicatioiis t methqd, f as da|med in claim 21, wherein said 
second channel are transmitted using a set, of .frequencies allocated to a cluster of 
adjoining cells including said cell which are swapped during transmission of the second 
channels. t _ ^ . n:: _ ; 

23 * A celluto telecomm^ 

transmitting third channels using a ithkd number -of transmission frequencies, and 
selecting one of the first, second or third channels for transmission of said signals on 
. ... the basis of said transmission characteristics.: < 

24. A cellular telecommunications method as claimed in claim 23, wherein the third 
i&li^S^S 3 ^^ allocated to said cell 



30 



33 rx'J 
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>■* ^'^^^.-•and•■s^ i -i^c^ca3t : channel frequency which ^c' swapped during transm r ission of the 
third channels, and said subset- is swapped betweeir said c£lfs. - - 

25. A cellular telecoirimui^ claimed in claim 24, wherein said 
5 transmission characteristics include the bit error rate for said call. 7 - 

26. A cellular telecommunications method as claimed in claim 24, wherein said 
ttensimssrdn character^ for said call from 

■■• *' ' • Vbasef station i^^d^^c^-^-^^ 1 . \ ; r- ... -an, . . 

v m 10 r \ " * ' . ~ I'^c.^nv!.;,! "to s ^ViJ Jana*. * ;v f i: \ ; 

27. A method W claimed ^ih clamr 19/ wliefeiif saVd's^appm^ is" synchronised 
between said cells to prevent co-channel interference. 

° • *Vn*eth<kTas-^ 

: 15- :;-r:---.> -or 5 * :'. v.- . .o ;d. .& Kvt fclr vU'V *fr*ori * V..rs • :.• : < 

29. A method ^'claimed itfdiaim 19 network. 

- 30/ /At cellular^ tcle^m&uhicatib^ h ' 

' o r v ^ cluster *6f cells having a-set of transmission ffequefia^f and ' 

20 a base station in each cell of said cluster adapted for transmission of signals on 

' fiftfr channels^ within- tfie celf using a first number of btid 'fi^quericies and on second 
dianriclS within the cell using a : secoiid number of said frequencies. ' 

31. A cellular telecommunications network as claimed in claim 30, Wherein said base 
25 station includes means for selecting the first or second channels for transmission of 

signals between said bass smtidn 'ancTa^mobile station within 'the cell on the basis of 
^-transmission characteristics \>f said sigiialsi 3 -- ? ; 

32. A cellular telec^rnmumcatio^ nerworJras claanied'in cl'aml 31/wkCTein 'said first 
30 channels are transmitted using an allocated broadcast channel frequency for the cell. 

.'ft:'-': .' " o ^^t:L Lectin i ■ m> '.-.".c-^.-jl t&'; kcz A 

.. . t:.33. z~:A cellular telecoM^hicatiohsrarwor^^ said 
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, seconci channels arc transmitted using a ; set of frequencies allocated to a cluster of 
adjoining cells including said a?H which are swapped during tepsmissioiiipf the second 
channels. - \ ' -s\ .. 

5 t 34.. A cellul^telcOTmm 

station is adapted^ to transmit thud t .cjbtaimels using a third number of i transmission 
frequencies, juid said selecting means selects one of -the first,; second Or third channels 
for transmission of said signals on the basis of said transmission characteristics. 



TO!- i- 



XO. ,35.. A cellulac telecommunication ne^orl^ as, clamed in: claim 34, wherein the third 
channels.are transmit^ jusisyg .a ^b^eli -^^591^ -set of Jr^uencies. allocated to said cell 
and said broadcast channel frequency which are swapped during transmission of the 
third channels, and said subset is swapped between said cells. 

15. 36. A cellular telecommunications ^netwe^k as claimed 1 in claim 35, wherein said 

transmission characteristics include^ the bit error, rate -foresaid calh r* -.. 

.^TiiOii^ai -:-i'A. % r - 

37. A cellular telecommunications network as claimed in claim 35, wherein said 
transmission pharacteristic^. include the distance of a. mobile station for said call from 
20 said base station. ' & > 

,38. j\ : nejtwork as claimed in -claiiji 30, wijerein said swapping is synchronised 
- between^ said cells to prevent co-channel -interference.;:. ; <{ 

25 39. .. A XKtfwork as claimed in claim 3>Q^ wherein said channels are TDMA channels. 

40. A network .as claimed in, claim 30, wherein saidr network is, sr GSM network. 



30 



41. A cellular telecommunications method as claimed in claim 23, wherein the 
quality of said second channels is greater than the quality of said third channels which 
is greater than the quality of said first channels. 
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42 - ' v '^ ,J ^llular telccommunibatioiis network as claimed* ih ci'aim 34, wherein the 
>- ' quality oTsaid sfeond^uihels js~greater taurine quality of said third channels which 
is greater than the quality of said first channels. • 

'- 5 r 43. ft&^kdeOuMuXmmmAito as -clMc<l%i : c^X wherein the quality 
-of said atleast one traffic channer is J grcater tHatfthe quafity'of said af ^eist one other 
traffic channel and i^ greater than the quality of said at least 'one further' traffic channel. 

44. A cellular telecommunications network as claimed in claim 13, wherein the 
"• m quaIi * o£ s^d'at^f^nig^^channel'is greater thaii ! tHe { quaiity of said' at least one 

' ot ter'tra'ffie:chaiineryd is#e^*aatf ^ otfe further traffic 

'■ > ~ channel.- Z"'- ■•■ - •-> fc'.:?*r \'-n ;;r . r:- '.; ;-..-,> ■; bi^-. ? 

45. A cellular telecommunications method for use in a cellular telecommunications 
. 1-5 network havihg-ktUeast bne duster oT'aajdmLig ceite^said cells being^allocated different 

respective set* of differenflransmission^equenci^ 

intracell frequency hopping by swapping the allocated frequencies within said 

■ r: r,ce!ls;?and^ '■ r ' ; */ A;c -r^a a •<;'•;• . i'.:* -.:\v'hz /- ."C 

' ' \ ' ^interccll frequency! airecation swappbrby'swlp^ing saia~sets"-of'^encies 
20 between the cells. •'•i.s:. . -., 'Z 

x 1;46. . A ceHalar ielecomnlu'mcatyons network including at least one cluster having 
adjoining cells provided- by-co'rre^ alls 1 being allocated 

different respective sets of different transmission frequencies and the base stations 

25 .. having control means' for Waning- intfacell frequency^ bopping by swapping the 
allocated frequencies within said cells, and controlling interccll frequency allocation 

i swapping by swapping 'saldise^of^e^e^es 1 between the cells. «*• 1 
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